Introduction
Primary hyperparathyroidism (PHPT) is a hypercalcemic state due to excessive secretion of parathyroid hormone (PTH) [1] . The disease is characterized by a loss of the normal feedback control of PTH by extracellular calcium, but the exact underlying cause remains to be clarified [2] . Comparable to limited studies in developing countries, the clinical spectrum of PHPT has undergone a striking change in developed countries, with the predominant form being asymptomatic hyperparathyroidism, detected on routine biochemical screening for other causes [3] . Asymptomatic PHPT is defined as hyperparathyroidism that lacks specific symptoms or signs traditionally associated with hypercalcemia or PTH excess [4] .
Inflammation and endothelial cell activation are key components in the initiation, progression and thrombot-ic complications of atherosclerotic coronary artery disease. Serum highly sensitive C-reactive protein (hs-CRP) and interleukin-6 (IL-6), both proinflammatory cytokines, as well as having pathogenic roles in atherosclerosis, have strong and independent prognostic implications in patients with atherosclerotic vascular disease and acute coronary syndromes [5] .
IL-6 has an important role in immunoregulation and inflammation [6] . Also, elevated hs-CRP reflects lowgrade systemic inflammation. It is not only an established independent risk factor for cardiovascular events in adults, but is also apparently directly involved in atherogenesis [7] .
Previous studies of PHPT have shown normal [8] or increased levels of basal IL-6 compared to healthy controls [9, 10] . Grey et al. [11] demonstrated that patients with untreated PHPT had mean serum levels of IL-6 which were 16-fold higher than the control values. After successful parathyroid adenomectomy, the levels of each of these cytokines fell into the normal range.
However, there are results with unchanged levels of inflammatory cytokines after the surgical cure of parathyroid disease. Ogard et al. [12] reported that CRP, but not IL-6, was higher in patients with PHPT than in controls, and no decrease in markers of inflammation or blood pressure was observed after parathyroidectomy. Data on inflammatory markers in asymptomatic PHPT are lacking and mainly derived from symptomatic patients. Hence, the aims of the present study were to assess hs-CRP and IL-6, such as inflammatory biomarkers, in patients with asymptomatic PHPT, and to evaluate the correlation between serum PTH and these biomarkers.
Subjects and Methods
A total of 26 patients with asymptomatic PHPT were recruited from outpatient endocrine and medical clinics at Al-Azhar University Hospital, Cairo, Egypt, together with 22 age-and sexmatched healthy subjects as control group.
The study was performed between the years 2008 and 2010. The patients gave informed voluntary consent to participate in the study according to the protocol approved by the local ethics committee and in accordance with the ethical standards of the Helsinki declaration. The diagnosis of PHPT was made by blood tests. All patients were subjected to a full case history and a thorough clinical examination. Inclusion criteria were PHPT with no symptoms or signs traditionally associated with hypercalcemia or PTH excess and not having fulfilled the criteria for parathyroidectomy. Exclusion criteria were obesity, diabetes mellitus, any previous history of ischemic stroke, hypertension, hyperlipidemia, history of ischemic heart disease, congestive heart failure, collagen diseases, advanced chronic liver or renal insufficiency, smoking, and drug use with impact on calcium-phosphate metabolism, such as calcium, vitamin D, thiazide diuretics, estrogen, bisphosphonates, calcitonin, thyroxin and corticosteroids.
Laboratory Methods
Fasting venous samples were collected. Blood sugar, calcium, albumin, phosphorus, alkaline phosphatase, liver and renal functions were measured using a standard autoanalyzer (Hitachi Ltd., Japan). Serum 25-hydroxyvitamin D [25(OH)D] was assessed by liquid phase radioimmunoassay after extraction with NaOH and acetonitrite, using an IDS gamma-beta 25(OH)D kit (IDS Inc., Fountain Hills, USA). Intact PTH was assayed by a solid phase 2 site chemiluminescent enzyme-labeled immunometric assay (DPC, Los Angeles, Calif., USA). Serum hs-CRP concentrations were measured using a high-sensitivity immunoradiometric assay [13] . IL-6 was measured with a high-sensitivity enzyme-linked immunoassay [14] .
Statistical Analysis
The SPSS version 15 was used for data processing. Quantitative data were presented as mean and standard deviation. For comparison of means, the Student t test was used. Correlation between variables was performed and the Pearson correlation coefficient was calculated. All tests were 2-tailed and considered statistically significant at p ! 0.05.
Results
The mean age of the patients (17 females and 9 males) with asymptomatic PHPT was 52.8 8 4.4 years and that of the 22 healthy individuals (15 females and 7 males) in the control group was 51.7 8 5.9 years.
Serum PTH levels in patients with asymptomatic PHPT and in the control group were 11.88 8 2.16 and 3.85 8 0.90 pmol/l, respectively, while the corresponding levels of serum calcium were 2.65 8 0.1 and 2.22 8 0.04 mmol/l. The differences were statistically significant (p ! 0.001). Also, serum hs-CRP and IL-6 were significantly higher in patients with asymptomatic PHPT in comparison with the control group (hs-CRP: 4. 15 
Correlation with Inflammatory Biomarkers
Serum PTH was significantly correlated with hs-CRP and IL-6 (r = 0.820, p ! 0.001 and r = 0.787, p ! 0.001, respectively) in patients with asymptomatic PHPT as shown in figure 1 .
Discussion
PHPT is a common disease, especially in the elderly, and is reported to be associated with increased morbidity and mortality from cardiovascular disease [15] . Currently, PHPT has been recognized most commonly as an asymptomatic disorder with hypercalcemia and elevated levels of PTH [16] . The role of PHPT in heart disease is still controversial [17] .
IL-6 is a cytokine, which plays an important role in many chronic inflammatory diseases. Serum hs-CRP and IL-6 are inflammatory markers associated with an increased risk of cardiovascular disease. Increased proinflammatory cytokines in serum initiate the atherosclerotic process and impair vascular endothelial function [18, 19] . Also, IL-6 plays an important role in the acutephase response, acting to stimulate hepatic production of acute-phase proteins such as CRP [20, 21] in this study. The higher levels of hs-CRP and IL-6 in patients with asymptomatic PHPT compared to a control group could explain the previously described roles of these inflammatory markers in cardiovascular disease. Equally important, serum PTH was significantly correlated with hs-CRP and IL-6 in the studied patients.
Although our patient did not fulfil the criteria for parathyroidectomy, similar results in terms of elevated IL-6 which normalized after resection of parathyroid tumors have been obtained previously in patients with PHPT [22, 23] . Furthermore, circulating levels of both IL-6 and IL-6 soluble receptor are increased in humans in response to chronic PTH excess and short-term lowdose PTH infusion [24] .
Contrary to our results, normal levels of basal IL-6 and CRP in PHPT patients when compared to healthy controls have been reported [8, 25] . Several factors could be adduced to explain the discrepancies between these studies and our observation. It might be related to the use of hs-CRP as a marker of inflammation instead of CRP, and importantly, one study [24] did not include healthy subjects as controls but depended on the normal reference range of the inflammatory markers.
The relationship between serum PTH and inflammation biomarkers such as IL-6 and CRP is not fully understood. It was reported that PTH potently induces hepatic production of bioactive IL-6 and its soluble receptor by the rat liver ex vivo and that hepatocytes, liver endothelial cells and Kupffer cells each produce IL-6 and IL-6 soluble receptor in response to PTH in vitro. Also, perfusion of the isolated rat liver with near-physiological concentrations of PTH stimulates production of both bioactive IL-6 and IL-6 soluble receptor, which suggests that hepatic production could contribute substantially to PTH-induced increases in systemic levels of IL-6 and its soluble receptor [26] .
Other studies have provided further evidence that the liver is a target organ for PTH [27, 28] . The liver strongly expresses mRNA for the PTH/PTH-related protein receptor, which probably mediates the actions of PTH or PTH-related protein on the production of IL-6 and its soluble receptor and the acute-phase response [29] in liver tissue. It is unlikely that the PTH-2 receptor, which binds PTH more avidly than PTH-related protein, contributes to the effects of PTH on hepatic IL-6 production because, although it may be expressed in the liver, it is much less abundant there than the type 1 receptor [30] .
In the present study, the increased inflammatory biomarkers in asymptomatic PHPT may suggest a subclinical inflammatory state that helps the development of cardiovascular events in this category of patients.
Conclusion
The inflammatory biomarkers hs-CRP and IL-6 were significantly higher in patients with asymptomatic PHPT in comparison with the control group. Moreover, Serum PTH was significantly correlated with hs-CRP and IL-6 in asymptomatic PHPT, which may suggest a subclinical inflammatory response in this category of patients. Further studies are required to evaluate inflammatory biomarkers in asymptomatic PHPT patients (particularly with normal PTH values and slightly elevated calcium levels) with varying degrees of severity according to 1,25-vitamin D levels.
